This study employs a gravity model of bilateral trade flows at the one-digit level of the standard international trade classification (SITC) product categories over the period of 1996 to 2005 to provide an empirical assessment of regional trade integration in East Asia. The formation of the ASEAN free trade area agreement is found to have both positive and negative effects on trade both among members and between members and the rest of the world, subject to SITC product category. Although the differences between actual and predicted levels of intra-ASEAN trade and of trade between ASEAN and other East Asian countries have been reduced, there remain product categories indicating a low degree of trade integration. Those product categories include food and live animals, machinery and transport equipment, and miscellaneous manufactured articles. Finally, the level of intra-industry trade intensity based on predicted trade values confirms that ASEAN is involved in intra-industry trade among its members more than trade with other East Asian countries.
Introduction
Trade integration has always been an important part of regional and economic integration in East Asia. In 1992, six member countries of the Association of Southeast Asian Nations (ASEAN) signed the ASEAN Free Trade Area (AFTA) agreements 1 . The primary goals of these agreements were to enhance trade integration and increase ASEAN's competitiveness as a production base in the world market through the reduction and elimination of intra-trade barriers among its members 2 . Despite the fact that AFTA was one of the most ambitious attempts at regional integration in Asia, its actual achievements have been limited (Pomfret [2] ). The effects of regional integration, especially trade integration, are always a concern of policymakers. Empirical studies on this subject are particularly important, as they provide useful trade policy information on such issues as trade creation and diversion effects. This information helps to indicate the benefits of regional trade cooperation to a country, while pointing out those sectors that are likely to be harmed from higher market competition.
For empirical frameworks, a gravity model has been widely used as the workhorse for analyzing the patterns of bilateral trade flows and to examine the effects of regional trade cooperation. In the context of East Asia, a large number of empirical studies employ a gravity model to examine the effects of several regional trade agreements on trade flows and to estimate the level of trade potential. For instance, Derosa [3] shows the benefits of the ASEAN-U.S. Free Trade Agreement (FTA) that would substantially increase ASEAN's total exports. Sudsawasd and Mongsawad [4] find large trade potentials remaining to be explored between the ASEAN-5 (Indonesia, Malaysia, Philippines, Singapore, and Thailand) and ASEAN's four major trading partners (China, Japan, India, and the United States). In addition, East Asian countries are found to have been the leading exporters to developed countries since the 1970s (Filippini and Molini [5] ).
Nonetheless, the analysis from the previous literature on East Asian trade has mostly suffered from data limitation. Since most use the aggregate level of bilateral trade flows, they lack information on sectoral trade. Policy recommendations drawn from those studies may not be effective for policymakers seeking guidance on the supervision of domestic sectoral policies. Hence, in this study, the gravity model of East Asian export and import flows is employed at the one-digit level of standard international trade classification (SITC) product categories over the period of 1996 to 2005 to provide a more detailed examination of trade integration in East Asia than has been done in the past. estimated. These estimates provide information for further analysis on East Asian regional trade integration regarding several aspects. In this study, they are used to assess the degree of ASEAN-5 trade integration by comparing it to actual trade values for all product categories. If actual trade is far below its predicted level, it would suggest a low degree of trade integration in that particular sector. In addition, this study also analyzes the level of intra-industry trade (IIT) intensity in ASEAN-5 intraregional trade and in trade between the ASEAN-5 and other East Asian countries. In contrast to previous studies (e.g., Sawyer, et al. [6] ), the calculation of the IIT index is based on predicted trade values, as this study argues that it is a more accurate estimate of intra-industry trade levels.
The outcomes of this study will, hopefully, provide new insights for trade policymakers to make appropriate adjustments on East Asian trading strategies. For instance, sectors that are found to trade below their trade potentials should be one of the top priorities for deepening East Asian trade integration regimes.
The structure of this paper is organized as follows. In the second section, the empirical model is presented. Data and empirical issues are also discussed. The third section contains estimation results and empirical analysis on East Asian trade integration. Finally, the concluding remarks are presented in the fourth section.
Methodology, Data, and Empirical Issues
A gravity model of bilateral trade flows has been widely used in explaining the volumes of trade between countries. It is built on Newton's Law on gravitational force between two objects, in which the gravitational force (trade flow) depends on the mass (the size of an economy) of each object (country) and the distance between them. In general, bilateral trade flows are positively related to the economic sizes of both trading countries, and negatively related to the distance between trading countries 3 . Since factor determinants of export flows can be quite different from those of import flows, the models of bilateral export and import flows are therefore estimated separately. In addition, the models are augmented by including a set of AFTA-related variables, specified as follows: 
where 0 is the intercept term; t α is the time-specific effect on year t.
is bilateral exports of a commodity c from country i to country j and
IM is bilateral imports of country i from country j. GDP is the gross domestic product; GDPPC is GDP per capita; ij is average geographic distance between i and j, measured in kilometers;
ij is a contiguity dummy, which is unity if i and j adjoin land borders and zero otherwise; ij is a common language dummy, which is unity if i and j have a common language and zero otherwise.
DIST CON LANG
AFTA-related variables are as follows. is a dummy variable which is unity if both i and j are AFTA members and zero otherwise; is a dummy variable which is unity if only i (not j) is an AFTA member and zero otherwise; is a dummy variable which is unity if only j (not i) is an AFTA member and zero otherwise.
is the error term, which is assumed to be normally distributed with zero mean and constant variance for all observations. 
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and variables usually measure the economic size and level of development of importing and exporting countries. They are believed to capture the potential demand of the importing country and potential supply of the exporting country. And the coefficients are normally expected to be positive. However, as noted by Kreinin and Plummer [9] , the variable can also be used to measure labor costs and returns to capital. The estimated coefficient of this variable can be subjected to multiple interpretations. For instance, if measures labor costs, an exporting country with a larger may export less due to higher cost of production. Similarly, for the coefficient of the variable, a country with a higher GDP may present larger domestic demands. If domestic firms, facing with production constraints, decide to sell more in a domestic market (production may be biased toward this domestic demand), they may have less product available for export. Therefore, the estimated coefficients of and variables are hypothesized to be ambiguous.
For variables measuring trade transportation and transacttion costs, the estimated coefficients of the ij variable is hypothesized to be negative, as trade is expected to decline with distance between trading countries; whereas, a common land border ( ij ) or similar language ( ) are expected to influence trade positively.
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The parameters of interest are the coefficients of the 9 , 10 , and One(j)AFTA 11 variables. If AFTA increases trade among its members, 9 may be positive; whereas if AFTA causes changes in the structural trade and production of its members, resulting in less trade, then 9 may be negative. When one country is an AFTA member and the other is not, the hypothesized signs of 10 and 11 α are also unclear. If trade is diverted away from non-AFTA members whose productions are more efficient, then the coefficients may be negative. In contrast, AFTA can possibly induce more trade between members and non-members. An AFTA member may expand its production base in ASEAN countries and export more to non-AFTA members (or import more primary products from non-AFTA members). Hence, there is a combination of trade creation and trade diversion effects from the AFTA formation. Thus, , , and could be positive or negative.
Unlike previous studies (e.g., Rose [10] , Lee and Shin [11] , etc.) that usually assume that the symmetric effects of one country being part of regional integration are the same regardless of country i or j, for example 10 11 α α  4 , this study separates the effects of i and j AFTA membership since the effects may be completely different, 10 11 . Besides, this study does not break up trade creation and diversion effects, since it requires knowing more detailed information such as industry cost structure in each country.
The assumptions mentioned above regarding the mean and variance of the error term may be violated in a standard pooled ordinary least square (OLS) model estimation, providing biased estimates (Baltagi, et al. [12] ). This is because the model may not be able to capture the whole space of all possible factors that must be controlled (such as historical factors, cultural factors, etc.). In order to control for this heterogeneity problem, the fixed effects (FE) model is generally employed by introducing country-pair fixed effects, ij , to capture the effects of all other omitted country-pair specifics that remain constant over time 5 .
α However, the inclusion of country-pair effects may undermine the effects of other variables that are constant over time (Wei and Frankel [14] ). Cheng and Wall [15] propose another alternative specification of the FE model, known as the unrestricted FE model specification 6 , in which a trade variable is estimated by regressing it on GDP, GDP per capita, and regional trade agreement dummies. Hence, the export and import models are expressed as follows 7 : 
Bilateral trade data are taken from the International Tr this study uses Cheng and Wall [1 ade Center, UNCTAD,'s Statistics for International Trade Analysis (SITA) CD-Rom. The data are based on the SITC, revision 3, covering 224 trading countries during the period from 1996 to 2005. In this study, trade data are selected at the one-digit level of SITC product categories (ten product groups), listed in Table 1 8 , and restricted to 14 East Asian countries i, including eight AFTA members (Brunei, Cambodia, Indonesia, Malaysia, Philippines, Singapore, Thailand, and Vietnam) and six other non-AFTA members, namely, Australia, China, India, Japan, Korea, and New Zealand. For a set of country j, this study uses data from all countries available in the UNCTAD dataset. It is noted that SITC product categories 0 through 4 are usually referred to as primary products, including partly used as raw materials for other industries; whereas SITC product categories 5 through 9 are referred to as secondary products, including manufacturing goods. GDP and GDPPC data are obtained from the World Bank's World Development Indicators. All data are expressed in US dollars at constant 2005 prices. Data on the regional trade agreements are collected from the World Trade Organization (WTO) website 9 . The distance variables (geographical distance, physically contiguity, and language) are accessed through the CEPII research center 10 . (3) and (4)) 11 . The Baltagi and Wu [16] locally best invariant (LBI) 7 In the second step, the estimated country-pair dummy variable from the first step is regressed on the time invariant variables: distance, contiguity, and language variables.
where ^ denotes predicted values. 8 For a more detailed structure of SITC product categories, see http://unstats.un.org 9 The data on ASEAN trade agreements were retrieved in May, 2009. 10 The data are available at http://www.cepii.fr/anglaisgraph/bdd/distances.htm 11 Although the model estimations based on the pooled OLS estimator are not reported in the paper, they are available upon request. 4 Trade diversion effects are usually defined when the estimated coefficient of α 10 or α 11 is significant and negative. 5 The Hausman [13] specification test was performed to examine the null hypothesis of no correlation between the random effects and the regressors. The Hausman test rejected this null hypothesis and suggested the use of the fixed-effect model estimator in this study. 6 For the unrestricted FE model specification, a country-pair effect is allowed to be different for each direction of trade, .
ij ji α α  
model of Ea ptions, AFT
e and significant coefficient of both positive and negative effects of AFTA on tra te test rejected the null hypothesis of no first-order serial correlation. In addition, the White test for the presence of heteroskedasticity was performed, and also rejected the null hypothesis of homoskedasticity. Since evidence of both serial correlation and heteroskedasticity was found, the robust covariance matrix estimator is used throughout this study.
Trade Flows
le 2 reports estim of bilateral export flows using the unrestricted FE model estimator. The significant levels and signs of GDP and GDPPC coefficients vary depending upon SIT duct The effects of AFTA membership on East Asian export flows are found to increase exports among AFTA members and to increase exports from AFTA members to non-AFTA members in five product categories: SITC 0, 3, 5, 6, and 8. These findings are likely the indication of trade creation effects, which are shown to not be restricted to only intra-bloc trade among members, but also expands to trade between members and non-members. On the other hand, the formation of AFTA reduces East Asian exports among members and from AFTA members to non-AFTA members in SITC 2, 4, and 7. The estimated coefficients of BothAFTA and ( ) One i AFTA variables are almost identical, suggesting th of AFTA are mainly attributed by the effects of an export country i being an AFTA member.
There is possibly evidence of ex C pro the e category.
at ffects importing country j only is an AFTA member. Exports of three SITC product categories 1, 4, and 6 from non-AFTA members to AFTA members decrease by about 49 (SITC 6, manufactured foods) to 99 percent (SITC 4, animal and vegetable oils, fats, and waxes), when the other variables are held constant. 12 For the other SITC product categories, the impacts are found to be insignificant.
For the imp timation results are reported in Table 3 . The estimated coefficients of GDP and GDPPC variables are similar to those from export as they have mixed effects on East Asian exports, subject to SITC product category. Likewise, this study observes the nearly identical estimated coefficients of the BothAFTA and One(i) AFTA variables, suggesting that the effects of AFTA membership are mainly a result of the importing country i being a member of AFTA. Nevertheless, the estimated signs and coefficients are subject to SITC product category. For imports of SITC product categories 0, 2, 5, and 9, AFTA members tend to import more of these products than the average East Asian importer. In contrast, AFTA membership may have negative effects on East Asian imports of SITC product categories 1, 3, and 7.
When estimation results from the gravity st Asian exports and of East Asian imports are compared, the effects of BothAFTA and ( ) One i AFTA are substantially different. With few exce A is found to have a significant and positive impact on both East Asian exports and imports of food and live animals (SITC 0) and chemicals and related products (SITC 5), whereas it has negative impact on East Asian exports and imports of machinery and transport equipment (SITC 7). In general, the effects of AFTA on East Asian exports and on East Asian imports are not the same, and therefore cannot be treated the same.
This study finds a negativ ( ) One i AFTA for imports of beverages and tobacco (SIT de material, inedible, except fuels (SITC 2). This may suggests that East Asian countries that are non-AFTA members may divert their imports of these particular products away from AFTA members. In contrast, non-AFTA members are found to import more secondary products such as miscellaneous manufactured articles (SITC 8) and commodities and transaction not classified elsewhere in the SITC (SITC 9) from AFTA members. This may reflect the trade creation effects of AFTA. Since C 1) and cru de between members and non-members are found, the findings of this study somewhat contrast with those of Lee and Shin [11] , who used aggregate bilateral trade data and found that East Asian trade agreements create more trade among members without diverting trade from non-members. The analysis based on sectoral trade data are shown to be dramatically different from those based on aggregate trade data.
SEAN-5 Integrate with
Alth integration has been the main focus of le: ln(EX ij ), estimated by the FE model estimator).
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partners (Arribas, et al. [17] ). Countries with different degrees of openness may be attributed to different economic characteristics. For instance, a country with a larger economy may have more domestic demands, and production may be therefore biased toward this demand.
As a result, a country may export or import less than a country with a smaller economy. In addition, distances between countries may be an obstacle to trade. Two countries with a large distance between them have a tendency to trade less with each other, since trade costs will likely be large. Additionally, the degree of openness is too
Trade?
ough trade regional integration since the first article of the General Agreement on Tariffs and Trade (GATT) formed in 1947, there is no consensus on how trade integration should be measured 13 . One of the most common measures of trade integration is the degree of openness, defined by the sum of exports and imports, divided by GDP. However, it has some drawbacks, as it disregards entirely the architecture of trade connections that a country has with its trading This measurement is built on the notion of natural trading partners, taking into account those domestic biases and those different characteristics of trading countries, as they are controlled in the gravity model. In addition, it provides superior information of trade connections at the commodity level. The low ratio value (i.e., less than 100 percent) indicates that actual trade flows of a commodity c are less than its predicted level. This implies a low degree of trade integration. In contrast, if the ratio value is close to or greater than 100 percent, it indicates a high degree of trade integration for that a particular commodity. . SITC product categories 0, 7, 8, and 9 are found to integrate poorly with intra-regional trade, since actual trade is far below predicted trade by more than 10 percent. Hence, the findings suggest that, if ASEAN-5 countries aim to fully integrate with trade, they should find a way to expand their intra-regional trade in those four SITC product categories.
When the findings of ASEAN-5 trade with the six East Asian countries are compared with those of ASEAN-5 intra-regional trade, the two findings are slightly different. Nonetheless, there are three SITC product categories that indicate low ratio values of actual to predicted trade in both sets of ASEAN-5 trading partners. They are SITC product categories 0 (food and live animals), 7 (machinery and transport equipment), and 8 (miscellaneous manufactured articles). These product categories should be the area of focus for policymakers on improving the trade integration regime in East Asia.
ASEAN-5 Intra-Industry Trade
Actual Trade/Predicted Trade (%) flows at the one-digit level of SITC product categories to assess East Asian regional trade integration in several aspects. First, the effects of AFTA formation on East Asian sectoral exports and on East Asian sectoral imports are shown to be quite different. In addition, both positive and negative effects of AFTA formation are found on sectoral trade among members and on trade between members and the rest of the world, subjected to SITC product category.
Next, the degree of East Asian trade integration at the commodity level is analyzed by comparing actual to predicted trade levels. The findings indicate that the differences between actual and predicted levels of trade have been clearly reduced. Nonetheless, there are three SITC product categories in which actual trade is below predicted trade by at least 10 percent, which may indicate a low degree of trade integration. Those three product categories include food and live animals, machinery and transport equipment, and miscellaneous manufactured articles. Therefore, these product categories should be a major concern for policymakers seeking to enhance trade integration regimes in East Asia.
Finally, the calculation of the IIT index based on actual trade data may undermine the true natural intra-industry trade connections. The IIT index is suggested to be based on predicted trade data obtained from the gravity model. The findings based on the predicted trade data confirm that ASEAN-5 involves in intra-industry trade among its members more than trade with other East Asian countries, as indicated by the high degree of ASEAN-5 intra-industry trade intensity in most SITC product categories.
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